We have reanalyzed reaction cross sections of 16 N on 12 C target. The nucleon density distribution of 16 N, especially surface density distribution, was extracted using the modified Glauber model. On the basis of dilute surface densities, the discussion of 15 N(n, γ) 16 N reaction was performed within the framework of the direct capture reaction mechanism. The calculations agreed quite well with the experimental data.
Introduction
Nuclear reactions at low energies play a crucial role in nuclear astrophysics. Often the reactions are quite difficult to measure in laboratories; the theoretical extrapolation is important in the studies [1] [2] [3] [4] . The 15 N(n, γ) 16 N reaction is such a low-energy reaction, its cross section (σ c ) at astrophysical energies is an important input in the reaction network for the determination of heavier neutron-rich elements A > 16 in both inhomogeneous big bang and in red giant environments. Besides, it is a competition reaction to the reaction 15 N(α, γ) 19 F. 19 F is a key element for evolutive studies in the asymptotic giant branch stars in which the 15 N(n, γ) 16 N reaction largely affect the abundance of 19 F [5] [6] [7] .
The experimental σ c of 15 N(n, γ) 16 N reaction are of considerable uncertainties. In 1996,
Meissner et al. [8] 
Theoretical mechanism
The Glauber model is a powerful tool to extract the nuclear surface structure by fitting the experimental σ R . The model is based on the independent individual nucleon-nucleon (N-N) collisions in the overlap zone of the colliding nuclei, which account for a significant part of breakup effects. It successfully explains the observed σ R for various systems [13, 14] . The model will be employed in the article to deduce the surface structure of 16 N and interaction potential of incident neutron on the 15 N core. The Glauber model is a standard calculation, details can be found in a number of Refs. [15] [16] [17] .
On the basis of the experimental spectroscopic factors, surface structure of 16 N, and the interaction potential, the direct capture theory will be utilized to calculate the σ c of the reaction 15 N(n, γ) 16 N [18] . In the theory the neutron in a continuum state is captured by a target nucleus 15 N that goes to a composite nucleus 16 N via a transition with an E1 electric dipole. The σ c is given by
where
is the wave number that corresponds to a γ-ray energy E γ .
where O E1 stands for the electric dipole operator. The initial state wave function ψ c is the incoming neutron wave function, and the wave function ψ b represents the bound state of the composite nucleus 16 N. The wave functions necessary in the direct theory will be obtained by solving the scattering and bound-state systems, respectively, for a given interaction potential. Thus, the essential ingredients are the potentials used to generate the wave functions ψ c and ψ b and the normalization given by the spectroscopic factor.
Nuclear structure of 16 N
Ozawa et al. [19] and Fang et al. [20] have measured the σ R of 16 N on 12 C target, analyzed the experimental data with standard Glauber model, and obtained the density distribution of 16 N.
Unfortunately, there is a 10% -20% underestimation in the standard Glauber model between the experimental σ R and the theoretical calculations at intermediate energies [21] . Although the density distribution has been extracted, it is necessary to reanalyze the experimental data with modified Glauber model [22] . The Glauber model requires the structure information, namely, the density distribution of the projectile and target. The proper target density is employed from electron-scattering experimental data, which is converted to matter densities by unfolding the proton charge density with taking into account the quadrupole deformation. 16 
where i denotes the proton or neutron, and C is the number of protons or neutrons in the core, b is the width of the core, and ρ c0 is the normalization factor. The same width is used for the protonand neutron-core density distributions.
Woods-Saxon potential
where a is the diffuseness parameter, R c (= r 0 A 1/3 , A is the nuclear mass number) is the radius of the Woods-Saxon potential, r l s (= 1.1 fm) is the radius for spin orbit potential, and V 1 ( = 17 MeV) is the l s strength, taken from [23] . The depth of the potential V 0 is adjusted to reproduce the experimental separation energy of the valence neutron. squares [19] and solid triangles [24] .
(MeV/u) E The shaded area shows the error due to the nuclear properties of 16 N; it is a little higher at 12% comparing to that of 7 Li (n, γ) 8 Li [12] . There are two main reasons as follows: (a) the same potential parameters are employed to calculate wave functions of 16 
Conclusion
We reanalyzed the reaction cross section of 16 N on 12 C target with modified Glauber model and extracted its structure information. The 15 N + n reaction has been discussed by means of the structure. Although more accurate cross sections are not obtained, the article found problems and the resolution.
